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INTRODUCTION 


With the exception of a few such media as Uschinsky’s and 
Frankel’s, which are of interest only from the fact that they 
demonstrate the ability of certain species of bacteria to syn- 
thesize protein and other complex physiological substances from 
simple salts, all the pathogenic bacteria are cultivated for prac- 
tical purposes on empirical mixtures containing infusions of 
meat, the digestion products of protein and so forth. Most 
pathogens either fail to grow, or produce very scant growth on 
simple synthetic media. Many fail to multiply even on meat 
extract-peptone media, but flourish after the addition of serum, 
blood, and similar materials. It occasionally happens that a 
lot of stock media, prepared with all due regard to known com- 
ponents and hydrogen ion concentration will fail to grow such 
organisms as pneumococci, although other lots prepared in the 
same way have been successful. 

Numerous attempts have been made to amplify the use of 
synthetic media by the addition of known compounds as a source 
of nitrogen or of some particular chemical grouping which has been 
suspected of playing a part, but as far as progress in the direction 
of routine cultivation of bacteria on media of known composi- 
tion is concerned, the results have been uniformly disappointing. 
On the other hand, there seems to have been very little effort 
made to attack the problem from the angle of an analysis of the 
basic factors supplied by the physiological mixtures which are 
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known to induce growth. One is struck by the lack of reference 
to the identity of the components of meat extract or meat infusion 
which seem to be so universally favorable. Purine bases are 
mentioned, but apparently on insufficient experimental grounds. 
In fact the only piece of work which the writer has found in 
which an effort was made to determine this point was reported by 
Armand-Delille (1913), who claims to have substituted arginine 
for meat infusion in media used for the cultivation of the tubercle 
bacillus. Other work (Long, 1919) indicates that this organism 
is able to grow on a great variety of substances, and one is not 
justified in applying the conclusions of Armand-Delille to other 
types of bacteria without further experimental evidence. The 
possibility of obtaining some light on the requirements of patho- 
genic bacteria from this point of view is, however, fairly promising, 
and it is the purpose of the present paper to outline the method 
of approach and to cite a number of preliminary experiments 
which serve to indicate the lines along which work may be done. 
The results already obtained with two of the factors which 
it has been possible to single out and follow up has been made the 
subject of two preliminary reports (Mueller, 1920), and will 
shortly appear in greater detail. 

A word regarding the purpose of such an investigation and the 
results which can be expected from it may not be out of place. 
The present empirical methods of media preparation are gen- 
erally admitted to be uncertain from the standpoint of result, 
and wasteful in materials used. It may be justly questioned, 
however, whether a more thorough understanding of require- 
ments will lead to a radical change in our methods of prepara- 
tion of media. For example, even if certain amino acids and 
organic bases should prove to be the only essential factors be- 
side salts and perhaps carbohydrates, the difficulty and expense 
of obtaining them in pure form might well prevent their ex- 
tensive practical use, and it is quite possible that peptone and 
meat will continue to be their most available source. It should, 
however, be possible to understand the reasons for the uncer- 
tainty of results and occasional failures now existing, and per- 
haps to guard effectively against them, even though with ex- 
perienced workers, they occur rather rarely. 
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Perhaps the most important results to which success in such 
a piece of work might lead, are the applications of the findings 
to problems of more general biological importance, particularly 
to those of animal metabolism. For, whatever may prove to 
be the nature of these substances which cause growth of bac- 
teria, they are largely or entirely components of animal tissue, 
and it is probable that they are either needed also by the animal 
body and supplied by plant or other sources, or else are synthe- 
sized by the animal itself to fill some metabolic requirement. 
When it is possible to catalogue the substances required by 
pathogenic bacteria for growth, it will probably be found that 
most of them are either required by, or important in, animal 
metabolism, and while many of them will surely be compounds 
at present familiar to the physiological chemist, it is equally prob- 
able that some will be new, or at least of hitherto unrecognized 
importance. This point is sufficiently clear in the light of many 
recent publications in connection with the relation of vitamines 
to the growth of bacteria and of yeast. 

Probably of no less importance will be the results from the 
standpoint of the classification of bacteria. Doryland (1920) 
has discussed this question at some length, and it is quite possi- 
ble that unexpected relationships or dissimilarities in bacterial 
species may develop on the basis of food requirements. ‘That 
related species among pathogenic bacteria do have similar needs 
cannot be questioned. The colon-typhoid group grow easily 
on simple meat extract broth. The streptococci and pneumo- 
cocci require the presence of an infusion of meat, the meningo- 
cocci and gonococci usually grow poorly without the additional 
presence of ‘“‘hormones,” blood serum, etc., while the influenza 
bacillus needs a substance associated with hemoglobin. It is 
quite possible that the more fastidious types of bacteria may 
require some of the factors necessary for the more easily growing 
forms, plus one or more additional substances. For example, 
if growth of the typhoid bacillus depends on the presence of 
three compounds in meat extract broth, A, B, and C, then the 
pneumococcus will perhaps fail to grow unless A, B, and C are sup- 
plied together with D and E, and so on to such organisms as the 
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gonococcus and others. Such a conception will at least serve 
as a working hypothesis upon which to begin investigation. 

The choice of organisms with which to work must be governed 
by several considerations. In the first place, since several fac- 
tors are probably involved in the growth of all parasitic bacteria. 
it would be well to select a species having a somewhat limited 
number of requirements. In this way one might hope to single 
out one or two factors at a time for identification and, using 
these as a basis, proceed to the study of others. On the other 
hand, bacteria with too simple requirements should be avoided, 
because of the probability that such organisms possess the power 
of using a variety of different materials having no immediate 
relationship to the components of meat extract and peptone. 
The colon bacillus, for example, can grow on Uschinsky’s or 
other simple media, about as well as on ordinary extract broth, 
and for that reason would not be suitable for the purpose at 
hand. A further point to be considered is that since the work 
will probably extend over a long period of time, the type of or- 
ganism selected must be such that its cultural requirements will 
not change materially during preservation on culture media. 

For these reasons, the pneumococcus-streptococcus group was 
selected as being probably the most satisfactory. These organ- 
isms grow well on meat infusion broth, but poorly or not at all 
on extract broth. While blood or serum improves the growth, 
neither is essential. In addition, these organisms can be pre- 
served almost indefinitely and kept at what should be quite 
uniform food requirements. The method by which this is at- 
tempted will be described fully below. 

The original plan of the work was to start with meat infu- 
sion-peptone broth, to eliminate such factors in its composition 
as could be managed experimentally, and to substitute known 
compounds, such as amino-acids, purine bases, etc., or failing 
in this, to determine, if possible, the chemical nature of the 
material removed from the media. As will appear, the work 
has been little more than begun, since the difficulties in substi- 
tuting known compounds for the meat infusion have proved 
unexpectedly great. 
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METHODS 
Preparation of cultures 


Three types of pneumococci, I, II and ILA, together with a 
strain of Streptococcus hemolyticus, were used. The pneumo- 
coccus strains were each passed through two mice, and the 
streptococcus through one mouse and stock cultures were made 
from the heart blood of the second mouse into small tubes con- 
taining about 1 cc. of sterile human blood. The latter was ob- 
tained in the usual way from the median basilic vein and trans- 
ferred from a syringe to small sterile tubes, each tube containing 
two or three glass beads. The tubes were than shaken until 
defibrination was complete, and incubated twenty-four hours to 
insure sterility before being inoculated from the heart blood of 
the mice. After inoculation the tubes were incubated eight to 
ten hours until smears showed that the organisms were multi- 
plying, and they were then stored in the ice box. For trans- 
plants, ordinary meat infusion peptone broth containing 0.1 
per cent glucose and brought to pH 7.4 to 7.8, were used. A 
small loopfull of the blood culture was transferred to the broth, 
and after incubating eighteen to twenty-four hours, the culture 
was used, in the case of the pneumococci for the inoculation of 
a second similar tube of meat infusion broth. These two cul- 
tures are called respectively the A and B cultures. Experi- 
mental media were inoculated from the B cultures in the case 
of pneumococci, and from the A tubes with streptococci. In 
this way it is believed that the food requirements of the bac- 
teria remain reasonably constant. The stock culture remains 
alive for long periods of time, up to six months or more. After 
being opened repeatedly, old tubes gradually dry up, and such 
cultures have been transferred to fresh blood tubes, using the 
same technic, and always passing the strain through one mouse 
to guard against a gradual change in cultural requirements in 
spite of the blood media. It is not unlikely that significant 
quantities of blood may be carried over into the test media with 
only a single passage intervening, but it certainly is not enough 
to produce growth on unsuitable media, although it cannot be 
overlooked in estimating the value of results obtained. 
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Determination of limiting hydrogen-ion concentration for strains 
employed 


It was found, by inoculating a series of plain broth media with 
pH ranging from 6.8 to 8.6, that the pneumococci found 
conditions suitable for growth between pH 7.4 and 8.0, while 
the hemolytic streptococcus grew well throughout the same 
range, and even as far down as pH 6.8. For the adjustment of 
experimental media, therefore, a reaction of pH 7.4 to 7.8 has 
been used for all the strains of test organisms. In cases where 
several experimental lots of media are prepared at one time, the 
adjustment of the reaction is facilitated by the direct addition 
of phenol red to the entire lot. It is a simple matter to reach 
the particular pH desired by using a solution of phenol red of 
0.02 per cent concentration, in the proportion of 1 ce. to 25 ce. 
of media. Normal or semi-normal NaOH (moderately free from 
carbonate) is then added drop by drop until the color is distinctly 
red, but not purple. One can quickly learn to recognize the 
correct color without the need of standard color tubes. In the 
case of unusually dark colored media the reaction can be ad- 
justed approximately by this means and finished by the usual 
method of dilution and addition of more indicator followed by 
comparison with standard tubes. Experiment showed that 
several times this amount of phenol red could be added to media 
without any influence on the growth of the organisms in question. 


Limiting range of osmotic pressure 


Although moderate variations in osmotic pressure are prob- 
ably of little importance in culture media, an experiment was 
carried out in broth made up with varying concentrations of 
NaCl. The test organisms grew equally well in salt-free broth 
and through several intermediate concentrations up to an equiva- 
lent of 2 per cent NaCl, so that with ordinary care the question 
of osmotic pressure apparently need not enter into consideration. 


Presence of glucose 


In preliminary work with the pneumococci it was observed 
that occasionally a lot of meat infusion was met with which 














CULTURAL REQUIREMENTS OF BACTERIA 315 


failed to give growth, although prepared with all due attention 
to hydrogen ion concentration, etc. The addition of as little 
as 0.025 per cent glucose to such media at once improved them to 
such a degree that marked growth occurred, and with twice 
this quantity, growth was approximately as heavy as in the 
average broth prepared without glucose. While the point has 
not been verified experimentally, it is not improbable that most 
meat contains small quantities of glucose or other carbohydrate, 
and that occasionally this may be much diminished or absent. 
For routine purposes, therefore, and in all experimental media, 
0.1 per cent glucose is added. This quantity is insufficient to 
produce acid in amounts great enough to kill the cultures in 
twenty-four hours, or to interfere with agglutination with 
specific sera. 


Inorganic constituents 


Little is known definitely of the salt requirements of bacteria. 
There is some evidence in the literature to inc ‘cate that they 
are moderately elastic, and in any case such minute traces as may 
be required, must occur in the peptone and meat infusion used 
as routine media. Where these or similar substances are omitted, 
small quantities of inorganic salts may well be required. The 
nature of these can only be determined when purified organic 
compounds can replace the meat infusion and peptone. 

To guard as far as possible against failure of experimental 
media to support growth through lack of inorganic material, 
the same salt mixture which is used in Uschinsky’s and other 
similar media has been employed instead of simple NaCl, in 
the preparation of all experimental media in which the ordinary 
meat infusion is not used. 

To simplify the preparation of media, the salts are all dissolved 
in twice the concentration required, together with glucose, and 
phenol red is added to this solution. Media are prepared by 
adding an equal volume of meat infusion or other solution to 
this preparation, thereby reducing the concentrations of the 
constituents to that desired. The composition of the solution 
is shown below, and it will be referred to subsequently as 
“‘glucose-salt solution.”’ 
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per cent 
ES See - ; Wea cdeanebeeenktkesestthasertent 1.0 
Dtéiddtlctebwies¥be put ie ad te wbadhck dba Se ddknn cea 0.04 
eae oer *: bs ohkGas bab mktanin Htkeiiaed 0.02 
it Ldn cc ay dtbu dann <inagaahh acu haeeten aie ketenes ont 0.2 
EE tal Seouilc .ains o<.ea a4-aaie oda veeieinah eee aneeusme chad ocean 0.2 
Phenol red.....................80 ee. of 0.02 per cent solution per liter 


If all the components except the potassium phosphate are dis- 
solved, and the solution diluted almost to the final volume before 
this substance is added, calcium phosphate is not precipitated, 
although a good deal is probably lost in the precipitate which 
usually forms on adjusting the reaction and boiling. 


Sterilization of media 


Since it has been shown that ten minutes autoclaving at 10 
pounds pressure is even less destructive to sugars then the Arnold 
temperature for three quarters of an hour, this method has been 
used in most of the work. Practically no change in pH occurs, 
and contaminations are exceedingly rare. 





Recording of results 


When growth has continued for twenty-four hours, the degree 
of turbidity is recorded by comparing the tube with a set of seven 
tubes containing suspended BaSO, (Koser and Rettger, 19) 
ranging from the faintest trace of a cloud to a suspension as heavy 
as the best growth obtained with these organisms on good media. 
Negative growth is shown by “O,” and any degree of growth by a 
number corresponding to the series number of the BaSO,standards. 
This affords a means of correlating experiments done at different 
times, although of course it is not quantitative. It usually 
happens, however, with the pneumococcus cultures, that after 
optimum growth has been reached, autolysis follows very quickly. 
Within a few hours, a tube which has shown growth equal to 
standard tube nos. 4 and 5 will clear up and become simply 
opalescent. With Type I this happens quite regularly in less 
than forty-eight hours on good media, since maximum growth 
is reached by this strain in fifteen to eighteen hours. Types II 
and IIA grow more slowly, but are often autolyzed in forty-eight 
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hours. In recording growth, such tubes are marked ‘‘A.” This 
autolysis is of course not a criterion of good growth, for in experi- 
mental media, scanty growth is also followed by clearing up. 
The streptococcus appears not to show this phenomenon. 


Preliminary experiments on infusion broth 


The growth of the test organisms on peptone-free infusion and 
on peptone water alone was first investigated. 


|Meat infusion............. ane juivebeseee ae? Me 
Se Bg CED III ic oid dn decuisieswawd chedecncces 25 cc. 

(ee RSS ee OE Pe me ee 0.5 gm. 
Lot 2 I a cciosdsncdedenevices esaewhadas 25 cc. 
4 &:-\n . e 

SEE INNING Ca Wann tniendkte acsancwedarasuns 25 ce. 








OSE SO A ee ee ae en a 0.5 gm. 
RI I SOS ga a ek i oa cao Sanit nual 25 ee. 
| 
PME MIRMNIIIRG 06 nc:hc once ne svdesd ookedeensuees 25 cc. 
LOT NUMBER | pH | TYPE! | TYPE I TYPE IA STREPTOCOCCI 
1 78 A A 4 5 
2 7.6 A 5 2 6 
3 | 78 4 0 0 0 





It appears from this experiment that peptone-free infusion is 
practically as satisfactory a medium for the growth of the pneu- 
mococci and streptococci as the usual meat infusion broth con- 
taining 1 per cent of peptone. On the other hand, with the 
exception of the strain of Type I pneumococcus, peptone water 
alone will not support growth. As a working hypothesis, it 
has been assumed that these organisms have a nitrogen require- 
ment supplied by peptones or amino acids, and also a need for 
certain accessory substances supplied by meat infusion. There- 
fore, on the basis of such a supposition, meat infusion seems to 
contain not only the accessory substances, but also peptones, 
amino acids or other sources of available nitrogen. The problem 


1 Throughout the work, ‘“‘Difco’’ Peptone has been used for the sake of uni- 
formity. 
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is complicated by this fact, since it is necessary to separate by 
some means the accessory substances from the nitrogen supply 
before either one can be studied separately. 


The need for an accessory factor 


3efore describing the various methods by which a separation 
of the accessory factors of meat infusion was attempted, an 
experiment will be described which strengthens the probability 
that such substances, other than protein degradation products, 
are necessary. It is possible that only amino acids or peptones 
might be required for growth, but that in the preparation of com- 
mercial peptone some essential amino acid, as, for example, 
tryptophane, is wholly, or for the most part, altered or destroyed. 
It is quite conceivable that unstable groupings other than tryp- 
tophane may be present in the original protein molecule, which 
may withstand moderate heating in neutral solution and thus 
be present in meat infusion among the amino acids or peptones 
in a soluble form, and yet be almost or quite lacking in commer- 
cial peptone. If such were the case, a whole protein hydrolyzed 
by trypsin or erepsin, together with salts and glucose, would 
probably serve as a complete culture medium. A specimen of 
commercial casein after several day’s digestion with trypsin was, 
as a matter of fact, found to be quite satisfactory without the 
presence of infusion, for the pneumococcus and streptococcus. 
However, when the casein was purified by three precipitations 
from Na.CO; solution by acetic acid, washed with alcohol and 
ether and then digested as before, growth was negative. The 
following protocol shows the results of such an experiment, in 
which casein was prepared directly from milk. The ‘‘crude” 
casein is the first precipitate obtained by acetic acid, the ‘‘ pure” 
casein has been three times reprecipitated and finally washed in 
alcohol and ether. 

The two preparations of casein were dissolved in 0.5 per cent 
Na,CO; and digested with a small quantity of trypsin (Fair- 
child) at 37° under toluol for two weeks. At the end of this time, 
the two solutions were boiled and filtered. Twelve cubic centi- 
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meters of each filtrate represented about 0.5 gm. casein. The 
following media were prepared: 





Digest of impure casein 2 ce 
Lot 1. < Water 13 ec. 

Glucose-salt solution , 25 ce. 

Digest of pure casein 12 « 
Lot 2. , Water.. 13 ex 

Glucose-salt solution a 25 ee. 
Lor : — 

NUMBER pH = 
4} rs | 48 s 24 hour 8 ib 5 s i} s 48} 

1 8.0 6 5 0 6 6 6 5 6 
2 8.0 0 0 0 l 0 0 0 0 





Control experiments showed that the digest of pure casein was 
not inhibitory, for the addition of meat infusion produced heavy 
growth. 

The above experiment was confirmed several times, using 
different preparations of casein, always with the same result. 
The conclusion seems warranted that while crude casein contains 
some accessory substance, this is not a part of the protein mole- 
cule (and hence probably not an amino acid or polypeptide 
grouping), and can be easily removed by purification of the 
protein by standard means. 


Possibility of another source of growth accessory substance free 


from protein nitrogen 


By the use of the term “accessory substance’. in connection 
with these studies, it is desired to avoid, as far as possible, the 
conception of vitamines. There is now abundant evidence in 
the literature that vitamines, particularly the water-soluble 
vitamine, may be as essential for certain microérganisms as for 
animals, but there is little probability that the accessory factor 
or factors of meat infusion is in any way connected with the 
water soluble vitamine. In the first place, muscle tissue is 
believed to be low in vitamine. In the second place, experi- 
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ments with the pneumococcus and streptococcus have shown that 
‘protein-free milk,” which does contain the water soluble vita- 
mine, is almost without activity when substituted for meat in- 
fusion in media. To economize space, protocols of these ex- 
periments are omitted. 

It is not impossible that physiological extracts other than meat 
infusion might supply the accessory factors in a form more free 
from other nitrogenous compounds such as amino-acids, than 
the latter, and in a few experiments it has been possible to show 
that some other preparations, notably one from blood, and one 
from spinach leaves, gave growth when mixed with peptone and 
only scant growth in its absence. The blood was diluted with 
water, acidified, boiled and filtered. The spinach leaves were 
dried, ground fine and extracted with water. In the case of the 
latter, initial extraction of the dried powder with ether did not 
remove the accessory substances, and boiling with repeated 
changes of alcohol for several hours extracted only a small part. 
It would perhaps be possible to develop a technic along either 
line for the preparation of a solution of the accessory factors 
sufficiently free from protein nitrogen to investigate the nature 
of the requirements of the test organisms by the addition of pure 
amino acids, but is has seemed more satisfactory first to exhaust 
as far as possible the more obvious methods for a separation of 
the meat infusion. 


Attempts to separate the growth accessory factors from the amino 
acids of meat infusion 


1. Repeated extraction of meat. While carrying out some ex- 
periments along another line, it was observed that the test or- 
ganisms grew as well on a trypsin digest of the insoluble meat 
residue remaining after the preparation of meat infusion which 
had first been thoroughly boiled out in three changes of water, 
without the addition of any meat infusion, as upon the usual 
peptone broth. This suggested the possibility that the growth 
accessory material might be extracted from the coagulated 
protein with some difficulty, and might be partially separated 
in this way from amino acids, etc. Chopped beef was, therefore, 
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soaked in cold water in the proportion of 1 pound of meat to 500 
ec. of water, and heated to 55° for a few moments and strained. 
The residue was boiled for five minutes with a second 500 ec. of 
water, and strained, and the extraction repeated a third time. 
The first extract was boiled to remove coagulable material, and 
all three extracts were filtered. Media were prepared in the 
following way, and after inoculation, gave the results indicated: 








GROWTEH 36 HOURS 
— EXTRACT —_ perrons| H;O =n on - 
| Strep 
I ul MA | oe 
cc. c ce ame 

1 | 2 1.0 25 5 7 6 
2 | 2 25 1 1 2 5 
3 | 25 1.0 25 3 3 { 4 
4 | 25 25 0 1 1 3 
5 | 25 1.0 25 5 3 5 6 
6 | 25 25 0 0 0 0 
7 1.0 25 25 3 0 l 0 





Other experiments of the same kind have given like results, 
but there is enough irregularity so that the method is not ideal. 
It does, however, bring further evidence as to the presence of 
two classes of compounds in the meat infusion. Further work 
with the method, substituting known amino acids instead of 
peptone, may lead to more positive results. 

2. Chemical fractionation of meat infusion. From the fact 
that commercial meat extract cannot replace meat infusion for 
the growth of the pneumococcus and streptococcus, one may 
suppose that heating, oxidation or simply long preservation may 
destroy the active material. If it can be shown experimentally 
that these or other comparatively simple chemical processes 
are destructive, plans for chemical separation can then be made 
in such a way as to avoid or minimize this difficulty. Accord- 
ingly, a few simple tests were made on the influence of such 
obvious procedures as suggested themselves. It was found that 
drying on the water bath, long boiling (two to three hours) in 
neutral or moderately acid solution (2.5 per cent HCl) and 
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exposure to mild oxidizing or reducing agents in no way dimin- 
ished the power of infusion or destroyed its activity. It would 
seem that if hot alkali and strong acids are avoided, it should be 
possible to preclude loss of activity while carrying out simple 
precipitations on meat infusion. 

This has been found to be the case, and several different re- 
agents have been employed, without, however, any marked 
success in the separation of the constituents of the infusion. 
Precipitation with alcohol, up to 85 per cent concentration, 
carried out by preliminary evaporation of the infusion to a small, 
measured volume, followed by addition of the required amount 
of 95 per cent alcohol, has in several experiments yielded a pre- 
cipitate which contains the growth accessory substances, since 
the test organisms grew on media prepared from the precipitate 
plus peptone, but not in the absence of peptone. The separa- 
tion is somewhat more complete if the first precipitate is dis- 
solved in a little water and reprecipitated. However, in either 
case, a part both of the growth accessory factors and of the 
amino acids remains in the alcohol filtrate, and it has not so far 
been possible to separate them quantitatively in this way. 

Lead hydroxide, lead acetate, mercuric chloride and silver 
nitrate and baryta have all been tried, none of them with results 
satisfactory enough to follow up extensively. In general, the 
filtrates from these reagents will permit growth to some extent 
without the addition of peptone, and better growth in its pres- 
ence, which is taken to indicate that the growth accessory frac- 
tion is not precipitated readily by these metals, while the amino 
acid fraction, perhaps in the form of peptone, is partially thrown 
down. By precipitation with tannic acid, followed by removal 
of the latter with Ba (OH). + Pb (OH), in the usual way, very 
similar results are obtained. 

While none of the methods of chemical separation have given 
successful results, they have at least shown that it is possible to 
submit meat infusion to such processes without loss of activity. 
It has, indeed, been observed that where a single preparation was 
put through several consecutive precipitations, the activity 
was gradually diminished or lost, but it is at least as possible that 
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this may have been due to the loss of some essential factor in a 
form which could not be recovered, as for example a tannin 
precipitate or an extremely insoluble silver combination, as to 
actual chemical decomposition of the substance. It is, in fact 
quite probable that there are many essential factors present, and 
that progress can be made only as methods are developed which 
will enable one to single these out for identification. Such a 
method seems to have been found in the treatment of meat infu- 
sion with charcoal. By this means, one or more factors are re- 
moved from the infusion which may be again supplied by the 
addition of a small amount of peptone, or of a sulphuric acid 
hydrolysate of casein. In following up this lead, a considerable 
amount of work has been done, and a number of interesting 
observations made which have already been briefly reported 
(Mueller, 1920) and which will be dealt with in the next paper 
of this series. 


SUMMARY 


The purpose of this paper has been merely to outline the plan 
of work and describe the method followed in our studies upon the 
problem of the nutritional requirements of certain bacteria. 
The procedures as outlined in the section on methods will be 
used in such work unless modifications prove desirable. Suffi- 
cient evidence has been obtained from the experiments here 
reported to warrant belief that two classes of organic compounds 
(in addition to carbohydrates), are required for the growth of 
pneumococci and streptococci, the first supplied by protei: 
degradation products, the second by extractives of meat. Both 
occur together in ordinary meat infusion, but they may be separ- 
ated more or less completely in several ways. The necessity) 
for a non-protein substance is shown most clearly by the failm 
of a trypsin digest of purified casein to support growth, whil 
that of impure casein is satisfactory. ‘The possibility of a sep- 
aration of the two classes of compounds, as they occur together 
in meat is evident from experiments of several types, particu- 
larly by repeated extraction of meat, alcoholic precipitation of 
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meat infusion, and charcoal decolorization of heart infusion. 
There is every reason to believe that there may be several indi- 
vidual factors falling into each of these two groups. 
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In the introductory paper (Mueller, 1922) of this series of 
studies, it was intimated that by treating an infusion of beef 
heart with charcoal, two factors necessary in the growth of 
hemolytic streptococci were removed, and that these factors 
could be again supplied by the addition to the charcoal treated 
infusion of commercial peptone or of a sulphuric acid hydrolysate 
of casein. The main facts learned up to this time about these 
two growth determining substances have been already briefly 
reported (Mueller, 1920), and will be here presented in detail. 
Work upon these substances has not yet been completed in the 
sense of chemical isolation and identification, and it is hoped 
that after further investigation which is now under way, it will 
be possible to give a more definite report of their nature. 


TECHNIC 


The general technic of preparation of media, adjustment of 
reaction, inoculation and recording of results, together with the 
method of carrying the test strain of streptococcus in culture, 
etc., has been fully described in the introductory paper (Mueller, 
1922), and need not be repeated here. 


Removal of certain growth determining factors from beef heart 
infusion by charcoal, and reactivation of the charcoal treated infu- 
ston by means of peptone 


Three hundred cubic centimeters of a beef heart infusion, 
prepared by mixing chopped heart muscle and water in the pro- 
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portion of 1 pound meat to 500 cc. tap water, heating slowly to 
boiling, straining and filtering, was boiled for twenty-five min- 
utes with 10 per cent ‘‘ Norit,”’ a commercial grade of wood char- 
coal used in sugar refining. The mixture was filtered through 
paper, and the colorless filtrate used in the preparation of the 
following me dia: 


Lot 1 | Decolorized infusion..... Lhd ann hace Maem Tre =i” 
40v TA . . - 
|Glucose-Salt solution... .. py alees cites ce besewhee bien 25 ce. 
Lot 2 Same plus peptone (“‘Difco’’)...........c.ccccccccccees 0.5 gm 
Lot 3 ns .  sebaseseaseane 25 ce. 
40 Ca . - 
\Glucose-salt solution. ..... me sll ee oe we ie 
Ee ae a ee 0.5 gm. 
| Water.... EN or ee ae Pe ry Ee ae 25 cc 
EA Sees GUNN id ok ie dsc eek vei issc ee El 5 cc 
Rs Gib hd alr t Likhin 95 Sie Kind ae KN RED be P ECU ReeNNe 0.5 gm. 


Each lot was brought to pH of 7.4 to 7.8, filtered if necessary, 
tubed and sterilized at ten pounds steam pressure for ten minutes. 











LOT NUMBER GROWTH OF 8TREPTOCOCCUS IN TWENTY-FOUR 
HOURS 
1 0 
2 6! 


ui mt OO 
a 


It is evident from this experiment, that beef heart infusion, 
prepared as described above, constitutes a perfectly satisfactory 
medium for the strain of streptococcus used, without the addi- 
tion of peptone. Peptone water alone, moreover, even when 
supplied with glucose and an inorganic salt mixture will not 
support growth of the organism. When the infusion has been 
treated with Norit and filtered, it is no longer suitable for growth, 
but may be reactivated by the simple addition of peptone. 


! Numbers refer to the standard turbidity scale composed of varying suspen- 
sions of BaSO,. 
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Many confirmatory experiments of the same nature have 
shown that within rather wide limits, the amount of charcoal 
used and the duration of boiling are without appreciable influence 
on the result, and as a standard method of producing the decol- 
orized infusion, 2 per cent of charcoal and fifteen minutes boiling 
have been adopted. 

The most obvious interpretation of the experiment is that the 
charcoal treatment removes certain substances, perhaps amino 
acids or polypeptides which occur also in commercial peptone, 
from the infusion. If polypeptides are concerned, they would 
probably be hydrolyzed by boiling with strong acid, and the 
resulting hydrolysate would not have the property of reactivat- 
ing the decolorized infusion, while if one or more amino acids are 
responsible for the phenomenon, they would perhaps withstand 
acid hydrolysis. 


Reactivation of decolorized infusion with a sulphuric acid 
hydrolysate of casein 


A quantity of commercial casein was hydrolyzed by boiling 
for eighteen hours with a mixture of six times its weight of water 
and three times its weight of concentrated H.SO,. The result- 
ing solution was freed from H.SO, by Ba (OH),, the precipitate 
washed with water, and the filtrate and washings combined and 
concentrated. A quantity of the resulting hydrolysate equiva- 
lent to 0.5 gram of the original casein was used in the preparation 
of media as follows: 





Lot 1 SID IN dsicd si sas eceesanenen ens 25 ce. 
) Son c oe 
.Glucose-salt solution...... ne 25 « 
Lot 2 Same plus casein hydrolysate. . , 0.5 gm 
0 RS er ere ae 25 ce. 
Lot 3 ; Glucose-salt solution....... 25 ce. 
Casein hydrolysate........... : 0.5 gm. 
LOT NUMBER TWENTY-FOUR HOt ns’ GROWTH 





oho ~ 
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It is apparent that the reactivating material will withstand 
fairly thorough acid hydrolysis, and is, therefore, probably, but 
not necessarily, not of a polypeptid nature, since it is known that 
protein hydrolyzed in this way is not completely reduced to the 
amino acid stage. 

The further possibility exists that the reactivating material is 
not connected with the protein molecule at all, but is present as 
an impurity. If casein is reprecipitated several times from so- 
dium carbonate solution, by means of acetic acid and the resulting 
product washed thoroughly by alcohol and ether, the ‘‘pure’’ 
casein so obtained will yield a hydrolysate which is just as active 
as that from crude commercial casein. It cannot, perhaps, be 
justly concluded from this experiment that the activating material 
is in fact a part of the protein molecule, for, as Funk (1920) has 
suggested, it may equally well be explained on the basis of a 
quantitative adsorption of the material from solution by the 
casein during precipitation. Since the material is known to be 
adsorbed quantitatively by charcoal, it is not impossible that it 
may also be taken up by other finely divided precipitates, al- 
though it is not adsorbed by such precipitates as BaSO,, metallic 
sulphides, ete., as will appear later. For the present, we must 
await further evidence to show whether the substance is of 
protein or non-protein origin. 

Since many of the experiments reported in the first paper of 
this series had shown that meat infusion was a rather difficult 
material to work with chemically, and since there are a number 
of fairly standardized methods for the partial separation of the 
amino acids in protein hydrolysates, the simpler experimental 
course seemed, at the time these preliminary observations were 
made, to attempt the separation and identification of the activat- 
ing material from such protein hydrolysates. The possibility 
of re-extracting the material from the charcoal was considered, 
but since about 20 per cent of the total solids of the heart in- 
fusion are removed by charcoal under these conditions, it seemed 
probable that even though a method for re-extracting from the 
charcoal could be devised, the extract might contain a somewhat 
complex mixture of compounds difficult to characterize and work 
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with. It was, therefore, assumed as a working hypothesis, that 
one or more amino acids were involved in the reactivation and 
further efforts have been directed along the line of the isolation 
of such compounds. 





Preliminary observations on distribution of activating material 


If only a single substance were concerned in the reactivation, 
and it were one of the known amino acids, it should be possible 
to gain a clue as to its nature by using the hydrolysates of sev- 
eral different types of protein, and checking up a possible failure 
to reactivate in certain cases against a common deficiency, a 
method which has been widely used in work on animal metab- 
olism. A number of proteins were, therefore, submitted to 
sulphuric acid hydrolysis, and tested with decolorized infusion. 
It appeared that the hydrolysates of casein, meat protein, edes- 
tin, egg white, and to a lesser extent, egg yolk and gelatine, were 
able to reactivate, while the material from wool, silk, and wheat 
gluten were inactive. No common deficiency was apparent, 
and the results in some cases were not always clear cut. Since 
it will shortly be shown that two substances are probably involved 
in the reactivation, it is quite possible that certain proteins may 
lack one and not the other, and it will be necessary to run through 
such a series of proteins again, testing for each substance indi- 
vidually, when the properties of the two have been more carefully 
investigated. 


Separation of an active fraction from casein hydrolysates with 
mercuric sulphate 


After trying a number of methods for the separation of an 
active fraction from hydrolyzed casein, with little success, it was 
finally found that a solution of mercuric sulphate in 5 per cent 
sulphuric acid would serve to throw down a precipitate contain- 
ing most, if not all, of the activating material. This separation 
was first carried out upon a fraction containing the mono-amino 
acids of casein prepared by the buty] alcohol extraction method of 
Dakin (1918) which had been shown in preliminary experiments 
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to contain the greater part of the active material. It was found 
that the filtrate from the HgSO, precipitate was no longer active, 
after precipitating the Hg with H.S, and removing the H.SO, 
with Ba (OH)., while the mercury precipitate, after freeing from 
Hg and H.SQ, in the same way, was quite active. 

Following this observation, preparations of the amino acids 
known to be precipitated by this reagent, namely, tryptophane, 
tyrosine, cystine and histidine, were obtained and their ability 
to reactivate the decolorized infusion either singly or in combina- 
tion with each other was tested and found negative. 

It was then found that mercuric sulphate would precipitate 
the active material directly from the casein hydrolysate, without 
resorting to the preliminary separation of the latter by means of 
butyl alcohol, using Dakin’s method. Moreover, the sulphuric 
acid used in hydrolysis did not have to be removed with baryta, 
but could be neutralized by sodium hydroxide and the precipi- 
tation carried out in the resulting strong solution of sodium 
sulphate equally as well as in a solution free from salts. It is 
rather difficult to determine the optimal conditions of precipita- 
tion, but a considerable excess of HgSO,, and not too high a 
concentration of H.SO, in the mixture seem to give the best 
results. As a standard procedure a weight of HgSO, equal to 
that of protein taken, make up in 5 per cent H,SO,, and added 
to a hydrolysate which contains from 5 to 10 per cent amino 
acids and is nearly neutral in reaction, has been used. Pre- 
cipitation is complete in about twenty-four hours. The filtrate, 
after freeing from Hg and H.SQ,, may still show a slight ability 
to reactivate the decolorized infusion, but the precipitate is 
always strongly active; whether one of the two active materials 
to be described is removed more completely than the other by 
this method has not been definitely determined, but it is quite 
possible. 


Attempt to purify the active fraction by fractional precipitation 
with mercuric sulphate 


In the preparation of tryptophane by the method of Hopkins 
and Cole, advantage is taken of the fact that cystine is precipi- 
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tated more easily by that reagent, than tryptophane, in purify- 
ing the latter. It was, therefore, a logical procedure to attempt a 
separation of the active fraction of the mercuric sulphate precipi- 
tate by fractional precipitation with the same reagent. The 
results of a number of preliminary experiments in this direction 
gave evidence that the first crude mercuric sulphate precipitat 
contained two substances, both of which, together, were required 
for reactivation. One of these was easily reprecipitated by the 
addition of mercuric sulphate solution to the solution obtained 
from the first crude precipitate. The second was not completely 
reprecipitated even by the use of a considerable excess of the 
precipitant. 

The following experiment will illustrate these facts. It will 
be observed that in place of an acid hydrolysate of casein, a 
commercial enzyme digest of milk proteins to the amino acid 
stage, called ‘‘aminoids” has been used. This was done for 
two reasons. In the first place, the process is less troublesom: 
than the long continued acid hydrolysis, and in the second plac: 
the preparations obtained are somewhat more active than those 
from an acid hydrolysate. The latter, after a certain amount 
of chemical manipulation will often give rather weak growth in 
test media, corresponding to only a ‘‘2” or a ‘3’ on the BaSO, 
turbidity scale. It is realized that such a procedure is not be- 
yond criticism, and that it perhaps strengthens the possibility 
that one is not dealing with amino acids, but with adsorbed non- 
protein material. However, it is equally possible that thes 
physiologically active substances are partially destroyed or 
altered by long treatment with acid. At any rate, the main 
facts of each point established with aminoids have been checked 
with an acid hydrolysate of casein, and like results obtained. 

Ten grams aminoids were dissolved in 100 cc. water and pre- 
cipitated with 100 cc. of a 10 per cent solution of HgSO, in 5 
per cent H,SQ,. After standing over night the bulky precipitate 
was filtered on a Buchner funnel, and washed with water. It 
was then suspended in water, made slightly alkaline with Ba 
(OH). and decomposed with H.S, allowing the reaction to take 
place for some time, with occasional warming. The precipi- 
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tated HgS was filtered off, and the heavily pigmented filtrate 
freed from Ba with H.SQ,, and diluted to 100 ce. This crude 
preparation was tested for activity as follows: 


OT A an, Se 25 ce. 
NE SSE TEE COLI 25 cc. 
| HgSO, ppt. fraction...............2.5 ce. ( = 0.25 gm. casein) 


Lot 2 Same plus HgSO, ppt. fraction ...0.25 ec. ( = 0.025 gm. casein) 








Lot 3 EE EE POC CN SOT. EE 25 ce. 
i i A LLL a EES TNS 25 ce. 
LOT NUMBER TWENTY-FOUR HOURS’ GROWTH 
1 4 
2 | 3 
i 
3 0 





To the remainder of the HgSO, precipitate fraction was added 
10 cc. of a 10 per cent solution of HgSO,, and after standing over 
night, it was filtered. Both the precipitate and the filtrate were 
freed from Hg and from H.SOQ, as usual, and brought to a volume 


of 100 ce. 
Ns it io as bee tek Seka meen media 25 ce. 
no. oo od easethinhetamone tte 25 cc. 
Lot 1 
plus 
|HgSO,filtrate PN cncthdnn P40 06c5r eensiccedstacnn’ 1.0 ce. 
Lot 2. Game plun Gitrate Tractiow. ......cccccccccccccscccccces 0.5 ce. 
Lot 3 Same plus precipitate fraction... ...................0e0- 1.0 ce. 
Lot 4 Same plus precipitate fraction................ceeeeeee 0.5 ce. 
ee Se I Os sc cctdavncnsnnseesesskbees 1.0 ce. 
ee See OD ns nccnvenendescusotesecte 0.5 cc. 
Lot 7 {Decolorized I as icanewslinc Sees dbbtenubeddens 25 ce. 
Fe I icc iats calbdeen camutebocgeneie 25 ce. 








7 ed 
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LOT NUMBER TWENTY-FOUR HOURS ROWTH 
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This particular experiment has been selected from a number 
of a similar nature since it shows a fairly clean separation into 
two fractions. Not infrequently one fraction or the other will 
by itself reactivate the infusion to some extent and produce 
slight growth, but almost invariably both together are better. 

Two points are illustrated in the above experiment. In the 
first place, an actual separation has taken place. It is not a 
distribution of the activating material through both fractions 
with a corresponding dilution, which might reduce the concen- 
tration below that required. In the second place, it is essential 
to have some idea about the quantity of material which is being 
added, best in terms of its equivalent of the original casein. 
Obviously, if, as is really the case, a quantity of casein hydroly- 
sate, or of the first HgSO, precipitate, equivalent to 0.25 gm. 
casein will reactivate 50 cc. of a mixture of decolorized infusion 
and glucose salt solution, one must not test a later preparation 
or fraction with a concentrated solution, using perhaps an equiva- 
lent of 5 grams of casein or more. If such were done, and the 
preparation found active, one might still have lost 95 per cent 
or more of the active material and not recognized it, for beyond a 
certain optimum, growth is not increased by multiplying the 
quantity of reactivating material considerably. 

It has not been found possible so far to define the conditions 
of this precipitation so exactly as always to obtain a complete 
separation, and while it was useful in leading to the discovery 
that there were two substances involved, it has now been given 
up in place of a more certain method. 
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Separation into two fractions by means of silver sulphate and baryta 


Because of the presence of considerable histidine in the crude 
HgSO, precipitate, as shown by color reactions, a purification 
of the fraction by means of Ag.SO, and baryta suggested itself. 
As will be seen, this resulted in a simple method for the separa- 
tion of the activating material into the two fractions. The 
method is not attended by the uncertainty of the HgSO, frac- 
tional precipitation, and leads quite easily to a quantitative 
separation. The Ag,SO, precipitate, which contains the factor 
which will hereafter be referred to for the sake of brevity as 
““X,” corresponds to the second HgSO, precipitate, while the 
filtrate from the Ag,SO, fraction contains the ‘“‘ Y” as does also 
the filtrate from the second HgSOQ, precipitation. 

Aminoids are precipitated as described above with HgSQ,, 
and after freeing the precipitate from Hg and from H,S§, a hot 
saturated solution of Ag-SO, (or AgNO; if the nitrate radicle 
will not interfere with further work) is added until an excess is 
present as shown by testing a drop with a drop of Ba(OH):. 
Cold saturated Ba(OH), solution is then added until precipita- 
tion is complete and the precipitate filtered or centrifuged off. 
The filtrate is freed from Ag with H.S and Ba with H,SQ,, and 
is concentrated to an equivalent of 10 per cent original aminoids 
over a low flame, and is found to contain the Y fraction, entirely 
free from X. The Ag.SO, precipitate contains the X fraction 
together with traces of Y, and it must be reprecipitated in the 
same way to free it entirely from Y. The Ag and Ba are re- 
moved as usual, the H.S boiled out, the solution cooled-and more 
Ag:SO, and Ba(OH), added as in the first precipitation. This 
precipitate, when freed from Ag and Ba is found to contain the 
active X, quite free from Y. The test for active X or Y is of 
course made in the usual way, using decolorized infusion and 
glucose salt, together with a preparation known to contain Y or 
X as the case may be. 


Further purification of X fraction 


The Ag,SO, precipitate is always pigmented, and contains 
considerable histidine. It is needless to say that histidine, as 
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well as tryptophane, tyrosine and cystine have been tested out 
individually and collectively against known X and Y prepara- 
tions and found to have no influence in producing growth under 
these conditions. The constancy of pigment in the X fraction, 
together with the fact of the disappearance of pigment from the 
heart infusion on boiling with charcoal, may be suggestive. 
However, the results obtained by the precipitation of this frac- 
tion with phosphotungstic acid, indicate that the pigment is not 
concerned in the action of the X fraction. By the addition of 
phosphotungstie acid to this fraction, in the presence of 5 per cent 
H.SQ,, it was possible in several experiments to obtain a filtrats 
quite free from pigment, which when freed from phosphotung- 
stic acid with Ba(OH), and the excess of Ba removed, contained 
an active X factor. Such a solution, evaporated on a watch 
glass yielded a semi-crystalline residue. The phosphotungstic 
precipitate also contains a small amount of the X, but in the 
single experiment in which it was attempted to learn quantita- 
tively how it was distributed by using diminishing quantities 
against a constant amount of Y, the filtrate seemed to have about 
75 per cent of all the X in the fraction. Unfortunately, these 
observations were made with a single solution of phosphotungstic 
acid, and all subsequent preparations of the reagent have de- 
stroyed the activity of the X fraction entirely. Up to the pres- 
ent, therefore, all that can be said of the X fraction is that it is 
apparently not in any way connected with the pigment nor with 
the histidine which it contains. It is hoped that further work 
will throw more light on this factor. 


Further purification of Y fraction 


The Ag,SO, filtrate, or Y fraction has proved to be somewhat 
simpler to work with than the X fraction. When evaporated, 
after freeing quantitatively from Ag and Ba, it is semi-crystalline. 
It contains a varying quantity of tyrosine and perhaps some 
tryptophane. By precipitation with a small quantity of HgSO, 
and allowing the material to stand over night, any tryptophane 
is thrown out, together with part of the tyrosine. The result- 
ing filtrate, after removing Hg and H.SO,, contains active Y. 
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It may be evaporated nearly to dryness, and after standing over 
night on ice to allow tyrosine to separate, may be filtered, the 
tyrosine washed out thoroughly with cold water, and the filtrate 
and washings, which still contain the active Y, evaporated fur- 
ther, with small additions of alcohol, to crystallization. The 
material which separates in the first crystallization is made up 
of microscopic round plates or spheres with no definite crystal 
form. After one or two recrystallizations these are seen to be 
made up of needles, and finally they crystallize out as shining, 
colorless, microscopic leaflets, often with obtuse angles and sev- 
eral sided, for the most part in rosettes; but when single crystals 
can be made out, they are hexagonal. These crystals are appar- 
ently a new amino acid, containing sulphur, and a detailed 
account of their composition and properties will appear shortly. 
Unfortunately, it cannot at this time be stated definitely that 
they constitute the Y substance. The earlier crops of indefinitely 
crystalline material are highly active, as are also the mother 
liquors. A quantity of solid weighing as little as 0.00001 gram 
has reactivated 25 cc. of a mixture of decolorized infusion and 
glucose salt solution in the presence of an active X preparation. 
However, on further recrystallization the activity is apparently 
lost, but the activity of the mother liquor also slowly disapp-ars, 
and it is, therefore, not yet clear whether the sulphur containing 
crystals are some tautomeric form or oxidation product of the 
Y, or whether they are in no way related. In the meantime, a 
study of the properties of the sulphur compound will perhaps 
lead to methods by which it will be possible to answer this 
question. 


DISCUSSION OF RESULTS 


Since pathogenic bacteria such as the streptococci are biologi- 
cally adopted to growth on animal tissues, it is more than prob- 
able that the chemical substances required by them for growth 
are constituents of the animal body and hence probably of im- 
portance in animal life. It is evident that studies on the cultural 
requirements of such bacteria may, therefore, lead to results 
equally as important to the student of animal nutrition as to 
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bacteriologists. In the case of the two substances which have 
been described in the present paper, one may anticipate that 
they may develop significance for animal metabolism as further 
information on their properties is gained. Whether they are 
related to the vitamines, and constitute, as Funk (1920) has sug- 
gested a Vitamine D, connected with deficiencies in certain 
proteins, is a question which can so far not receive an answer. 
The writer has preferred to avoid the conception of ‘‘ vitamine”’ 
as far as possible in the experimental approach to the problem. 
In any case, the method as it has developed, offers a simple 
biological test for the presence of these compounds, which has the 
very great advantage that it may be quickly carried out. All 
the test solutions are easily prepared, and the growth test itself 
requires only twenty-four or at most forty-eight hours for com- 
pletion. With this advantage, it should prove possible to iso- 
late and identify these compounds unless their properties are 
such that decomposition or molecular rearrangement follows 
their purification. Work is being carried on with both fractions, 
and it is hoped to have more data available for report in the 
near future. 





CONCLUSIONS 


1. Peptone-free beef heart infusion plus glucose and inorganic 
salts constitutes a satisfactory medium for the hemolytic strep- 
tococcus. 

2. Short boiling of heart infusion with 2 per cent wood char- 
coal (‘‘ Norit’’) removes some component of the meat infusion 
and renders it no longer suitable for the streptococcus. 

3. Such an inactive infusion may be reactivated by the addi- 
tion of small quantities of peptone or acid hydrolysate of cer- 
tain proteins, such as casein and edestin. 

4. Acid hydrolysates of such proteins, as wool, silk and wheat 
gluten are not suitable for reactivation. 

5. The activating material may be precipitated from hydroly- 
sates of casein by means of HgSQ,. 

6. It may be separated into two fractions, active only when 
mixed together, by means of fractional precipitation of the first 
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HgSO, precipitate by HgSO,, or precipitation by AgeSO, and 
baryta. 

7. So far as has been learned, known amino acids will function 
in place of neither of these fractions. 

8. The silver sulphate precipitate or X fraction does not de- 
pend for its activity on the pigment. It escapes precipitation 
by phosphotungstic acid under certain conditions, but is readily 
destroyed by this reagent. 

9. The silver sulphate filtrate, or Y fraction contains a con- 
siderable quantity of a new sulphur containing amino acid, the 
relation of which to the active Y has not yet been demonstrated. 
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The numbers of fungi in the soil are usually determined by 
the plate method used for the determination of the number of 
bacteria. In view of the fact that the dilution used for the 
determination of bacteria is necessarily high, due to the large 
numbers of bacteria in the soil, the fungi are so diluted that very 
few appear on the plate: of a dozen plates prepared from the 
same soil, using the same dilution, three or four may be free 
from fungi entirely, three or four may have only one or two fungus 
colonies, while three or four may have several colonies, particu- 
larly in the case of humus-rich and acid soils. It has been 
pointed out by the author (1922 a) that the probable error in- 
volved in the determination of the numbers of fungi by this 
method is so great, as to make the results absolutely worthless. 

To reduce the variability of the numbers of fungi on the plate 
and thus obtain a low probable error, low dilutions have to be 
used, so as to have 30 to 100 fungus colonies developing on the 
plate; this would necessitate a dilution of only 500 to 2000 for an 
ordinary fertile soil. But, if the common plate used for the 
determination of bacterial numbers is employed, so many bac- 
teria will develop on the plate, as to prevent the development of 
most of the fungi. 

To obviate this difficulty, use was made of the fact that fungi 
can grow readily at a much higher acidity than the bacteria and 
actinomycetes. 

The author and others have long made use of the fact, that, 
when a culture of a fungus is wanted free from bacteria raisin 


1Technical Paper No. (61) of the New Jersey Agricultural Experiment Station, 
Department of Soil Chemistry and Bacteriology. 
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agar, which is acid in reaction may be used, or a drop of lactic 
acid added to each tube of the common media. 

A medium has therefore been devised, having a reaction acid 
enough to prevent the development of the actinomycetes and the 
great majority of bacteria. At first, raisin agar was used, but, 
in view of that fact that this medium is not definite in composi- 
tion and its reaction depends on the acid content of the raisins, 
the following synthetic medium has been developed. 


RESET I ea a ee, ee 10 grams 
te eee eee eh eek nade ¢nets oes ner ee 5 grams 
RR BR sd ST a Fee eee ee ree ee 1 grams 
Ee ee a ae ea ae 0.5 grams 
i 1000 ce. 


Dissolve by boiling, add enough } acid (H.SO, or H;PQ,) to 
bring the reaction to a pH = 3.6 to 3.8. This will require from 
12 to 15 ec. of N acid per liter of medium. Add 25 gm. of agar, 
dissolve by boiling, filter, tube and sterilize as usual. The final 
reaction should be pH = 4.0. 

The soil is now diluted, in the regular way, to only ;5 to xt» 
of the highest dilution used for the determination of bacteria 
and plates are prepared in the regular way. The plates are 
incubated for seventy-two hours at 25°C. To obtain an accurate 
count and a low probable error, 10 plates should be prepared. 
The colonies may be counted after 48 hours, then after 72 hours, 
due to the fact that in some soils, rich in mucorales, the spreading 
forms will tend to overgrow the plate in 72 hours. 

The following table gives a comparison of the numbers of 
fungi obtained from the same soil by the regular bacterial plate 
and the special method hereby suggested. A cultivated field 
soil was used for this purpose. 

Instead of an impossible figure of 460,000 fungi per gram of 
soil, only 29,400 have actually been found by the modified method. 
The variability of the common method is so great as to make it 
valueless. Further details on the application of the new pro- 
cedure will be published elsewhere (1922 b). 

This method can also be applied to the determination of the 
number of fungi (molds) in various food preparations. 

















Number of colonies.. . 


COUNTING 








THE NUMBER OF 





FUNGI IN 


TABLE 1 


Number of fungi per gram of moist soil. . 








Waksman, S. A. 
fertility. 


lished.) 
Waxsman, S. A. 
published.) 


1922 b 


1000 


Egg-albumen 
agar (used for 
the determina- 
tl Dp of bac- 


221+ 0.33 
9.1 +143 ° 
20 .4° 


460, 000 + 94, 000 


REFERENCES 


JOURNAL OF BACTERIOLOGY, VOL. vr, NO. 3 


The growth of fungi in the soil. 


Soil Sci. 





SOIL 341 


29, 100 3 


1922a Microbiological analysis of soil as an index of soil 
I. Mathematical interpretation of the results of a quan- 
titative bacteriological analysis of the soil. 


To be pub- 


Soil Sci. (To be 








Seated a ee Ae catbel . with dina # 5 e-Mail lb oh 





STUDIES ON THERMOPHILIC BACTERIA 


AEROBIC THERMOPHILIC BACTERIA FROM WATER! 


LETHE E. MORRISON anp FRED W. TANNER 
De partment of Bact riology, U nive rsity of Illinois. Urb ina 


Received for publication November 26, 1921 


I, INTRODUCTION 


The discovery of microdrganisms that are able to live at rela- 
tively high temperatures (60°C. and above) has forced us to 
change our ideas on the resistance of protoplasm to heat and to 
admit that life is possible above the generally fixed limit of 42° to 
45°C. The term thermophilic was probably first used by Miquel 
(1879) to describe those organisms that grow at temperatures so 
high as to be fatal to most microérganisms. This conception 


seems to have been lost sight of by many more recent workers. 
In order to have a better understanding of what the term 
thermophilic means, a number of definitions of the term as 
found in different texts on bacteriology are included. 

In his physiological classification of bacteria, Giltner designated 
as thermophilic those that have a minimum temperature of 45°C., 
optimum, 55°C. and maximum, 70°C. Muir and Ritchie define 
thermophilic bacteria as organisms that grow best at a tempera- 
ture of from 60° to 70°C. Hiss and Zinsser say that thermophilic 
bacteria are high temperature bacteria obtained from hot springs 
and from the upper layers of the soil. Rahn in Marshall’s 
Microbiology describes thermophilic bacteria as extraordinary 
organisms having their maximum between 70° and 80°C., a 
temperature which coagulates albumin; corresponding to the high 


1 Abstracted from a thesis submitted in partial fulfillment of the requirements 
for the degree of Master of Science in Bacteriology. Copies of the original thesis 
are on file in the Library and Bacteriology Seminar of the University of Illinois. 
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maximum the thermophiles have a very high optimum, and the 
minimum lies with most species above 30°C. According to Hew- 
lett there is a group of so-called thermophilic bacteria which 
thrive best at a temperature of 60° to 70°C. Those bacteria 
whose optimum temperature is above 40°C. and which are spoken 
of as the ‘‘thermophil”’ bacteria, is the definition given for them 
by Morrey. Buchanan does not mention thermophiles in his 
book but speaks of the organisms which produce large quantities 
of heat as thermogenic bacteria. In his book Chester places 
thermophilic bacteria in a class that does not grow at room tem- 
peratures or below 22° to 25°C. 


II, RELATION OF HIGH TEMPERATURES TO LIFE 


All living things have their minimum, maximum and optimum 
temperatures for growth and other functions. The range of 
temperatures at which they exist may depend among other fac- 
tors, on the species and on the ancestral history of the individual. 
Many investigators have experimented on the growth of organisms 
at high temperatures with varied and interesting results. 

The first data concerning organisms that live at high tempera- 
tures were published by Sonnerat (1774). He reported on fish 
that lived in water at a temperature of 69°C. Schwabe (1837) 
reported the growth of algae in a hot spring at Karlsbad at 70°C. 
Flourens in 1846 mentioned algae which flourished in a hot spring 
at a temperature of 98°C. Brewer (1866) found some ‘‘ Nostoc- 
formen” in a hot geyser at 83°C. Ehrenberg reported the exist- 
ence of red and green algae from the Island of Ischia which grew 
at 63° to 65°C. 


III, HISTORICAL 


The literature on thermophilic microérganisms has already 
become quite voluminous and in order to save space in this publi- 
cation, we have summarized in table 1, those papers which a 
careful search of the literature has revealed. 
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IV. EXPERIMENTAL 


Sources of cultures. The present investigation has been limited 
to a study of some of the characteristics of 52 cultures of aerobic 
thermophilic bacteria from water; a more detailed study of forms 
from other sources is now being made. The cultures of ther- 
mophilic bacteria used in this investigation were isolated from 
samples of water furnished by the Illinois State Water Survey. 
Permission to use the samples was obtained from Professor E. 
Bartow, while director of the Water Survey. These samples 
came from different places in the state of Illinois and had been 
collected and shipped to the Water Survey according to directions 
furnished by them. 

Many types of waters from different sources including deep 
wells, shallow wells, drilled wells, dug wells, springs, raw and 
treated municipal supplies and springs were used. In this manner 
it was possible to carry on a more representative study than if 
the samples had been taken from a restricted area. Out of 224 
samples of water, 60 were found to contain thermophilic bacteria 
according to the method adopted for their isolation. ‘This is to 
be regarded as a minimum for it is believed that thermophiles are 
quite abundant in nature and many samples which were nega- 
tive when l-cc. portions were examined would probably have 
been positive had a larger amount been used. 

Method of isolation. Agar plates were poured in the usual way 
using l-cc. and 0.1-cc. portions of the samples; the plates were 
incubated at 55°C. for twenty-four hours. Most of the ther- 
mophiles grow very rapidly at 55°C. and a longer incubation 
period was unnecessary. Any colonies that had developed in 
that length of time were transferred to agar slants; later it was 
found that it was easier to keep the cultures in broth since agar 
dried so quickly at 55°C. Control plates and agar plates that 
had been exposed to the air of the laboratory were incubated 
under the same conditions, but in no case was there any growth of 
thermophiles shown, either from the agar itself or from the air 
of the laboratory. 
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Methods of study. Inoculations into the different media used in 
this work were made either from twenty-four-hour agar slant cul- 
tures or twenty-four-hour broth cultures. Since this work was 
begun before the adoption of the new chart, the Descriptive Chart 
of the Society of American Bacteriologists indorsed in 1914 was 
used in the study of these thermophiles. The group number for 
each culture was determined under as uniform conditions as pos- 
sible. In the work that is now under progress on thermophilic 
bacteria from soil, canned foods, and other sources the Descrip- 
tive Chart indorsed by the Society of American Bacteriologists 
at the meeting of December 30, 1920, will be used. The index 
number, it is believed, will give a better description of the or- 
ganisms since it seems to embody characteristics which are more 
important. 

Media and technic. With one or two exceptions the media 
and technic used in this study were those recommended by the 
Committee on the Descriptive Chart of the Society of American 
Bacteriologists in their report on Methods of Pure Culture Study 
(1920); the cultures were, however, all grown at 55°C. Other 
exceptions will be mentioned later. 

Morphology. All the cultures studied were motile rods and 
usually grew in chains containing from two to many individuals. 
Sometimes chains of four or five rods showed an active snake- 
like movement. The rods were both long and short; some had 
rounded ends. Carbol fuchsin and Gram stains were used to 
stain the smears; all were Gram positive except nos. 10, 20, 40. 
Without exception, the cultures studied formed spores. Some 
of the spores were central and some polar; some were oval and 
some round; in a few cases the diameter of the spore seemed to 
be larger than that of the rod and produced a sort of clostridium 
form. 

Nutrient broth. Witte’s peptone was used in the nutrient broth 
employed in this study, since it seemed to possess certain advan- 
tages over other peptones. Good growth was secured with all 
strains in nutrient broth at 55°C. Most of the cultures produced 
turbidity and sediment in the broth; the surface growth in many 
of the cultures was membranous or showed a heavy pellicle. 
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Indol. Tests for indol were made on nutrient broth cultures 
that had been incubated for four days at 55°C. Both Ehrlich’s 
test and the Nitroso-indol test were used. it was found that 
Ehrlich’s test was much more satisfactory when the tubes were 
heated slightly. All of the cultures formed indol from Witte’s 
peptone in varying amounts. 

Hydrogen sulfide formation. To determine hydrogen sulfide 
formation, nutrient broth (made of Witte’s peptone) over which a 
strip of lead acetate paper was suspended by means of the cotton 
plug, was used. The cultures were incubated for four days at 
55°C. The blackening of the paper indicated hydrogen sulfide 
formation. All the cultures studied formed H.S. Streak cul- 
tures on ‘‘ Bacto Lead Acetate Agar’ plates also showed that all 
the cultures formed H.S. This latter medium seemed to be well 
adapted to the determination of this characteristic. 

Potato slants. The growth of these thermophiles on potato 
slants was abundant in most cases even after twenty-four hours 
at 55°C. The type of growth varied from a filiform to spreading 
growth. The potato was turned gray, brown, or reddish brown. 
The cultures could not be kept longer than from two to three 
days since they dried out so quickly at 55°C., but the growth at 
this temperature was quite rapid on this and other media. 

Liquefaction of gelatin. The “provisional method”’ was used 
to determine this characteristic. The cultures were first accus- 
tomed to the gelatin medium by preliminary cultivation for eight- 
een to twenty-four hours in a 1 per cent solution of gelatin at 
55°C.; then the surface of gelatin in test tubes was inoculated and 
the tubes incubated for thirty days at 20°C. All the cultures 
except nos. 6, 15, 20, 32, 51 had partially or completely liquefied 
the gelatin at the end of thirty days. Gelatin cultures prepared 
in the same way and incubated at 55°C. for four days were all 
liquefied with flocculent growth throughout the gelatin and would 
not harden when placed in the refrigerator. The fact that all 
the cultures studied liquefied gelatin at 55°C. and some of them 
at 20°C. can probably be explained by the fact that 20°C. was 
below the minimum temperature for growth for those cultures 
which did not liquefy gelatin at that temperature. 
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Litmus milk. In this medium azolitmin was used as the indica- 
tor. The litmus milk cultures were incubated at 55°C. for four 
to seven days, only, because they evaporated so quickly at this 
temperature. Peptonization occurred with at least 75 per cent 
of the cultures; and in each of these cases the medium was alka- 
line. All of the cultures curdled the milk and in those cases where 
peptonization did not occur the medium was acid. More work 
is being done on the growth of these organisms in milk and par- 
ticularly on the use of brom-cresol purple as an indicator. 

Fermentation of sugars and glycerol. No gas was formed by 
any of the cultures. None of the cultures produced acid in 
lactose; the cultures varied slightly in their formation of acid in 
glucose, sucrose and glycerol broth. Brom thymol blue was used 
to test for acidity since that indicator was used to adjust the 
reaction of all the broths when made. The amount of acid 
formed in the different broths by these cultures may be of signifi- 
cance and should be determined. 

Oxygen relation. ‘This characteristic was determined by noting 
the presence or absence of growth in the open and closed arm, 
respectively, of fermentation tubes containing glucose broth. 
All the cultures used in this study were found to be strict aerobes. 

Reduction of nitrates. To determine this characteristic, both 
nitrate broth and nitrate agar slant cultures incubated at 55°C. 
for four days were used. Sulphanilic acid and alphanaphthyl- 
amine were used to test for nitrites. All of the cultures reduced 
nitrates. 

Diastatic action on starch. Two per cent agar containing 0.2 
per cent of soluble starch was used for this determination because 
this stiffer agar seemed to stand the incubation at 55°C. better. 
Dot inoculations were made in the center of the petri dishes con- 
taining the hardened starch agar; these were incubated at 55°C. 
for forty-eight hours since longer incubation dried the agar and 
made it crack. All the cultures grew well on this media and all 
produced diastatic action, some feeble and some strong. 

Temperature relations. Some of the cultures were grown on 
agar slants at different temperatures and it was found that 50° to 
55°C. was the optimum temperature for growth. Since it is 
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believed that the temperature relations of the thermophilic group 
of microérganisms is a subject worthy of intensive study, a sepa- 
rate investigation on this subject was initiated which is now near- 
ing completion in this laboratory. 


V. DISCUSSION 


A comparative study of 52 strains of thermophilic bacteria 
from water indicates a group in which the characteristics are not 
widely divergent. All of the strains were spore formers and all 
liquefied gelatin. When separated into groups according to the 
“‘group number” they fell into nine groups. Most of these groups 
were defined by differences in the terminal reaction in glycerol 
and carbohydrate media. If these determinations are neglected 
all of the strains would have fallen into one group. 

A survey of the literature on thermophilic bacteria indicates 
that many of the strains there described have been superficially 
studied and that new strains have been named without sufficient 
data. Consequently many of the names which are used for 
thermophilic bacteria are being applied to the same organism. 

Without exception the 52 cultures which were used in this 
study formed spores and in this characteristic seem to agree with 
most of thermophilic bacteria which have been described in the 
literature. This then seems to be the most common characteris- 
tic of members of this group. It has also been the basis for in- 
cluding among the thermophilic bacteria, bacteria which do not 
belong there. Spore formation when taken into consideration 
along with the peculiar reaction to temperature makes the ther- 
mophilic bacteria a difficult group for canners of foods, for in- 
stance, to cope with. The ability to form spores allows the 
thermophilic bacteria to survive the process and perhaps to de- 
velop when the cans are stacked in the warehouse. The recent 
publications of Weinzirl, Cheney, Bigelow and Esty, and others 
have indicated the significance of these bacteria. They are also 
related to certain phases of the dairy industry. Fliigge, Leich- 
mann, Russell and Hastings have found that they are able to 
survive pasteurization temperatures. 
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The forms isolated from water were Gram positive and in this 
characteristic, also, agreed with the forms described in the litera- 
ture. Their destructive nature is indicated by their action on the \7 
proteins in milk and on gelatin. Indol and hydrogen sulphide 
were produced in most media. Rabinowitsch (1895) reported 
the proteolytic abilities of the thermophiles to be their most 
characteristic function. 

Although none of the cultures studied fermented any of the 
sugars used, many of them did produce some acid in glucose or 
sucrose broth; this together with the fact that all of them showed 
diastatic action on starch would seem to indicate that these ther- 
mophiles decompose the more complex carbohydrate molecules 
more readily than they do the simple sugars. That many of the 
thermophiles decompose cellulose quite readily is seen in a review 
of the literature on those types that function in spontaneous 
heating during the fermentation of malt, tobacco, cotton, hay, 
and manure, the fermentation of silage and the decomposition of 
cellulose. 


The fact that some of these cultures came from water from quite 
deep wells and others from surface waters demonstrates that even 
in water the thermophiles can exist at widely varying ranges of 


temperature. They are probably widely distributed in waters 
and had larger portions of the samples of water been used for 
plating, no doubt, many more cultures would have been isolated 
from the 224 samples of water examined. The widely differing 
sources of the thermophiles described in the literature also indi- 
cate that they are widely distributed in nature and further investi- 
gations of their temperature relations will explain this distribu- 
tion. Rabinowitsch (1895) and some others have claimed that 
this ability of thermophiles to grow at a high temperature was a 
property of adaptation to environment. Blau and Bruini both 
claimed that many non-thermophiles had many of the same 
characteristics as thermophiles. Other investigators have pub- 
lished data to support this claim. Bredfeld (1878) gradually 
developed the resistance of spores of Bacillus subtilis until it took 
three hours at 100°C. to kill them or five minutes at 110°C. 
Koch (1876) observed the germination of spores of Bacillus 
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anthracis and Bacillus subtilis that had been subjected to 123°C. 
in dry air. According to Arloing, Cornevin, and Thomas (1882) 
the spores of Bacillus anthracis-symptomatici would not resist 
boiling for more than 2 minutes; but if previously dried, boiling 
for two hours was necessary to destroy them. 

This seems to agree with the theory of Davenport and Castle 
(1895) that by the loss of water, which is a necessary consequence 
of increased chemical activity resulting from warmth, organisms 
are able to increase their resistance to high temperatures. If we 
accept this view thermophiles are explained on the basis of adap- 
tation to environment. 

Tsiklinsky (1903) also believed that thermophiles were merely 
variations of common non-thermophilic microérganisms that had 
adapted themselves slowly to high temperature. He thought 
that the length of time necessary for these organisms to adapt 
themselves to high temperature determined whether they were 
facultative or strict thermophiles. 

Schillinger proposed the term thermotolerant to be applied to 
these organisms. Miehe tried to explain the high optimum tem- 
perature of thermophiles by assuming that they might have been 
brought over from the tropics and have adapted themselves to 
lower temperatures. By comparing them with other bacteria, 
Miehe came to the conclusion that all bacteria could be grouped 
on the basis of their minimum temperatures. He divided the 
thermophiles into two groups: (1) orthothermophiles with a maxi- 
mum temperature of 60°-70°C.; (2) thermotolerants with a 
maximum temperature of 50°-55°C. but which also grow well at 
ordinary temperatures. 

Many investigators, among them Rabinowitsch, Schiitze, and 
others, found a certain parallelism between temperature relations 
and the relation of thermophiles to oxygen. In most cases those 
organisms which had high optimum temperatures were strict 
aerobes. 

Bergey divided thermophilic bacteria into two groups: (1) 
true thermophiles, those that grow at temperatures above the 
maximum temperature for the great majority of bacteria, es- 
pecially the pathogenic forms; (2) facultative thermophilic 
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bacteria, those that develop at room temperature, about 20°C., 
and have their optimum temperature at about 50°C., and their 
maximum temperature at about 60°C. 

It would seem to be indispensable to fix clearly the limits within 
which the term thermophilic bacteria should apply. Some divi- 
sion evidently must be made in this group of organisms that grow 
at such widely differing ranges of temperature. The division 
made by Bergey into true thermophiles and facultative ther- 
mophiles seems to be the most tenable up to the present time. 
Further work on temperature relations of these thermophiles is 
being carried out in this laboratory and perhaps when the data 
from this investigation are available a better differentiation will 
be possible. 

Of the 52 waters from which thermophilic bacteria were isolated 
44 (almost 85 per cent) were condemned for the presence of B. 
coli of fecal origin. This fact suggests a possible sanitary signifi- 
cance of thermophilic bacteria in water analysis. The data are 
insufficient to draw any definite conclusions on this subject but it 
is a subject worthy of investigation. A similar suggestion was 
made by Brazzola (1906) when he stated that he thought the 
thermophiles were of very great importance in the study of 
the potability of water. 


VI. CONCLUSIONS 


1. The aerobic thermophilic bacteria studied in this investiga- 
tion seemed to make up a closely related group when the salient 
characters only are considered. 

2. All strains form spores and are strongly proteolytic which, 
in connection with their temperature relations, makes them of 
importance in food preservation. 

3. Thermophilic bacteria are widely distributed in nature (soil, 
water, etc.) and thus may cause serious losses in those industries 
where high temperatures are used for controlling bacterial 
development. 

4. The ability of thermophilic bacteria to grow at high tem- 
peratures may be due to a particular property of the protoplasm 
(water content?). 
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5. Further investigations on their temperature relations may 
aid in a better understanding of the thermophilic bacteria and in 
their separation into more sharply defined groups. This work is 
in progress in these laboratories. 
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AN APPARATUS FOR THE RAPID MEASUREMENT OF 
SURFACE TENSION! 


ROBERT G. GREEN 
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Investigations carried on in these laboratories concerning the 
réle of surface tension in certain bacteriological phenomena 
(Larson, 1921), have led to the development of an apparatus for 
the rapid determination of surface tension by the drop-weight 
method. After using the more common methods of surface tension 
measurement the belief is expressed that the most reliable and 
constant results for both pureand biological liquids can be obtained 
from their drop weights. The apparatus here described repre- 
sents a means of determining the surface tension of a liquid by 
the drop-weight method without any mathematical calculation 
or the determination of the drop weights and is termed a surface 
tension balance. The apparatus is designed primarily for 
rapidity of measurement and an accuracy is obtained which 
is consistent with ordinary experimental conditions. 

In general the apparatus consists of three mechanical parts, 
a dropping pipette, a balance beam mounted on a torsion wire 
and an adjustable scale. 

The dropping pipette (A) differs in no way from those already 
in use and all the inaccuracies and corrections, which have been 
recorded for this method, occur but. such errors may be mini- 
mized and reduced to an order of magnitude which is of no 
concern to the biologist, by using a dropping surface of the proper 
dimensions (Morgan, 1911). The rate at which the drops fall 
may be easily controlled by using a fine capillary tube for an air 
inlet protected by larger tubing (/). 


1 Aided by a grant from the National Dental Research Association. 
Presented at Twenty-third Meeting of the Society of American Bacteriologists 
December 26, 1921. 
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The steel torsion wire (D) is tightly stretched between two 
binding posts and carries the balance beam, one end of which 
(B) swings over the face of the adjustable scale (F), the 
opposite end carrying a silver cup (C) swung on watch jewels. 
The balance beam can be swung into the horizontal or zero 
position by means of the bar (H). 

The adjustable scale consists of a series of arcs of the same 
radius but the segments are of different lengths and each seg- 
ment is divided into the same number of units by cross lines. 
The scale face (F) is movable horizontally on the scale carrier 
(E) in the visible slot and is fixed in any position by means of a 
thumb screw behind. This mobility allows any one of the 
various sized arcs to be moved directly under the end of the 
pointer (B). The scale is constructed in relation to the size 
of the torsion wire so that the units of the scale represent sur- 
face tension in dynes per centimeter. 

The weight of a drop of liquid falling from the pipette (A) 
into the cup (C) will be proportional to the surface tension of the 
liquid according to the formula. 

yY = Kw 

where y = surface tension 
weight of drop 
constant of dropping pipette. 
The force producing torsion in the wire will be the drop weight 
times the acceleration of gravity and the amount of torsion pro- 
duced will be proportional to this force. The degree of torsion 
indicated by the pointer is therefore directly proportional to the 
surface tension of the liquid dropping from the pipette. The 
mobility of the scale makes it possible to divide any arc indicated 
by the pointer into a desired number of units by moving under 
the end of the pointer the proper sized scale are and in this way 
an are of torsion that is proportional to a surface tension of sixty 
dynes may be divided into sixty units and then each unit will 
represent a dyne of force. 

The surface tension balance is calibrated by means of a stand- 
ard liquid of high surface tension as follows: A drop of the liquid 
of known surface tension is dropped from the pipette into the cup. 
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The pointer then swings into some position over the face of the 
scale. The scale face is then moved horizontally until the reading 
off the end of the pointer is the same as the surface tension of the 
liquid used in calibrating. The balance is then ready for use 
and if a liquid is now used which has one half the surface tension, 
the weight of the drop will be one-half, the torsion produced in 
the wire will be one-half and the reading on the scale will be 
one-half the previous reading. 

The sensitiveness of the apparatus varies with the mechanical 
construction depending upon the ratio of the mass of the balance 
beam to the torsion constant of the torsion wire. The number 
of drops of liquid used in determinations can vary from a single 
drop to many if a torsion wire of the proper size be chosen. Five 
drops have been found very satisfactory in our work. 

Evaporation is the greatest source of error with this apparatus. 
It cannot be used for very volatile liquids. However, if cali- 
brated with water and used for watery solutions, the error from 
evaporation is rendered neglible in that under like experimental 
conditions, the same evaporation takes place in calibration that 
occurs in actual measurements. This has proven out in that 
repeated runs of watery solutions give identical results to the 
limit of readability of the scale. The temperature variation may 
be rendered negligible by controlling temperature or proper cor- 
rections may be made. The accuracy of the surface tension 
balance now in use is plus or minus one-tenth dyne. 

The pipette is the only part of the apparatus to be cleaned as 
the cup need only be dried and the pointer reset to zero. The 
pipette may be cleaned very rapidly if suction and compressed 
air are available. Since the time consuming weighings are 
eliminated the measurements may be taken with great rapidity. 
With this apparatus the surface tension of thirty solutions were 
measured in one hour. 


SUMMARY 


An apparatus termed a surface tension balance is described 
for the rapid measurement of surface tension by the drop-weight 
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method. The apparatus consists of a dropping pipette, a deli- 
cate torsion balance and an adjustable scale upon which the 
surface tension is read directly in dynes per centimeter. 
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